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ABSTRACT
Quasar damped Lyα (DLA) absorption line systems with redshifts z < 1.65 are used
to trace neutral gas over approximately 70% of the most recent history of the Universe.
However, such systems fall in the UV and are rarely found in blind UV spectroscopic
surveys. Therefore, it has been difficult to compile a moderate-sized sample of UV
DLAs in any narrow cosmic time interval. However, DLAs are easy to identify in
low-resolution spectra because they have large absorption rest equivalent widths. We
have performed an efficient strong-Mg ii-selected survey for UV DLAs at redshifts z =
[0.42, 0.70] using HST’s low-resolution ACS-HRC-PR200L prism. This redshift interval
covers ∼ 1.8 Gyr in cosmic time, i.e., t ≈ [7.2, 9.0] Gyrs after the Big Bang. A total of
96 strong Mg ii absorption-line systems identified in SDSS spectra were successfully
observed with the prism at the predicted UV wavelengths of Lyα absorption. We
found that 35 of the 96 systems had a significant probability of being DLAs. One
additional observed system could be a very high NHI DLA (NHI ∼ 2 × 10
22 atoms
cm−2 or possibly higher), but since very high NHI systems are extremely rare, it would
be unusual for this system to be a DLA given the size of our sample. Here we present
information on our prism sample, including our best estimates of NHI and errors for
the 36 systems fitted with damped Lyα profiles. This list is valuable for future follow-
up studies of low-redshift DLAs in a small redshift interval, although such work would
clearly benefit from improved UV spectroscopy to more accurately determine their
neutral hydrogen column densities.
Key words: galaxies: evolution - galaxies: ISM - galaxies: formation - quasars: ab-
sorption lines
1 INTRODUCTION
Since the first spectroscopic survey for intervening quasar
damped Lyα (DLA) absorption-line systems (Wolfe et al.
1986), it has been recognized that these gaseous regions with
neutral hydrogen column densities NHI ≥ 2 × 10
20 atoms
cm−2 can be used to trace the neutral gas component of the
Universe. DLA and related observations allow the Universe
to be probed over about 90 per cent of its current age.1 The
most recent extensive results from low-redshift UV and high-
redshift optical DLA surveys have been presented by Rao,
Turnshek, & Nestor (2006; hereafter RTN2006) and Noter-
⋆ E-mail: turnshek@pitt.edu
1 Throughout we assume a cosmology with H0 = 70 km s−1
Mpc−1, ΩM = 0.3, and ΩΛ = 0.7.
daeme et al. (2012), respectively. Relative to RTN2006 (41
DLAs in their statistical sample), Meiring et al. (2011) found
a very high incidence of DLAs in a more recent HST COS
UV blind survey (3 DLAs), which is counter to what Bahcall
et al. (1993) found in the HST FOS UV QSO Absorption-
Line Key Project blind survey (1 DLA), but both UV blind
surveys suffer from small number statistics. Most recently,
Noterdaeme et al. (2014) present a study of ∼ 100 extremely
strong high-redshift DLAs, with NHI ≥ 5×10
21 atoms cm−2.
Aside from statistical results on the DLA incidence (prod-
uct of absorber cross-section and their comoving number
density) and the cosmic mass density of neutral gas, many
interesting facets of galaxy formation and evolution can be
considered through follow-up studies of DLA metallicities,
dust, molecular fractions, star formation, kinematics, associ-
ated galaxies, and clustering as a function of redshift. These
c© 2013 RAS
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topics in DLA research have been widely discussed in the lit-
erature, but it is not the purpose of this paper to summarize
them (see Wolfe et al. 2005 for a past review).
Here, we simply wish to emphasize that while follow-
up studies of DLAs are providing a wealth of information
about the neutral-gas-phase component of the Universe, rea-
sonably accurate statistical measurements in any relatively
narrow low-redshift interval have remained elusive. By low
redshift we mean redshifts z < 1.65, for which the Lyα line
falls in the UV. For example, the low-redshift DLA survey
of RTN2006 probed z < 1.65. This redshift regime corre-
sponds to ∼ 70 per cent (∼ 9.6 Gyrs) of the most recent his-
tory of the Universe, where significant evolution is known
to have occurred. But since observation of a low-redshift
Lyα line requires space-based UV spectroscopy, the number
of confirmed DLAs remains relatively small in all narrow
low-redshift intervals (e.g., in cosmic time intervals corre-
sponding to ∼ 1 to 2 Gyrs). Even with the efficient strong-
Mg ii-selected DLA survey method used by RTN2006, only
9 DLAs have been previously confirmed at z = [0.42, 0.70].
This redshift interval spans ∼ 1.8 Gyr in cosmic time,
t ≈ [7.2, 9.0] Gyrs after the Big Bang.
A number of years ago, when STIS had failed and COS
was not yet installed on HST, we had the opportunity to
perform a large strong-Mg ii-selected survey for DLAs at
z = [0.42, 0.70]. This is a very efficient way to conduct a
DLA survey since any biases can be accounted for if the
statistics of Mg ii absorption-line systems are well under-
stood (RTN2006). This redshift interval was chosen because
it is well-matched to the sensitivity of HST’s low-resolution
ACS-HRC-PR200L prism. To demonstrate this, Figure 1
shows the Lyα damping profiles for a range of DLA NHI
values within this redshift interval at full resolution and at
the resolution of a prism spectrum. The prism has nonlin-
ear dispersion so that a prism spectrum of a Lyα line at
z = 0.42 has resolution λ/∆λ ≈ 197 (4.4 A˚ pixel−1 at 1726
A˚), while at z = 0.70 it has λ/∆λ ≈ 97 (10.6 A˚ pixel−1
at 2067 A˚). With this in mind, we undertook prism obser-
vations of the UV Lyα absorption lines in 109 strong-Mg ii
systems to determine if they exhibited an absorption profile
with damping wings. The data collection on these 109 sys-
tems required 105 single-orbit observations since four of the
quasars had two systems.2
Of the 109 strong-Mg ii systems in our sample that were
observed with the prism, we found that only 97 of them had
observations that were usable in our DLA search. We also
obtained spectroscopy of three quasars with known DLAs
(“DLA calibrators”) to confirm our ability to recognize and
measure DLAs. In general, if a Lyα line does not exhibit a
significant damping profile (i.e., if NHI is too low in a Mg ii
system), it would be undetectable or nearly undetectable in
its prism spectrum. Thus, prism observations offer a suitable
method for distinguishing DLAs from non-DLAs.
Below we describe the results of our HST observations
with the primary goal of identifying new DLAs (NHI ≥
2 Note that during our program there were three one-orbit ob-
servations with target-acquisition failures. Repeat single-orbit ob-
servations were obtained for two of the failed observations; the
observation of J003740.13-090810.0 was not repeated. Thus we
lost one of the original strong-Mg ii systems in our sample and it
does not appear in our lists.
Figure 1. Simulation of expected HST ACS-HRC-PR200L prism
spectra of DLAs at z = 0.44 and z = 0.70 for a low NHI value of
2×1020 atoms cm−2 and a highNHI value of 5×10
21 atoms cm−2.
The smooth red profiles (see online version) are the normalized
theoretical DLA absorption-line profiles. The black profiles are
the expected spectra at the resolution of the prism. Note the
poorer resolution at higher redshift. Also, the redshift range of
our usable observations is taken to be z = [0.42, 0.70], however
at z < 0.44 (see the top right panel) the short wavelength side
of a high-NHI DLA will begin to become impossible to measure
reliably over the expected range in NHI values since the prism
calibration does not extend below ∼ 1700 A˚.
2 × 1020 atoms cm−2) at z = [0.42, 0.70]. Our method to
achieve this was simply to examine the prism spectra at the
predicted locations of the Lyα absorption lines in strong-
Mg ii absorption-line systems.3
The outline of this paper is as follows. In §2 we present
the details of our observational program and data processing
for the observed strong-Mg ii systems. In §3 we present NHI
results for the 36 systems which, based on the prism spec-
tra, have a significant or an interesting probability of being
DLAs, along with results on the three DLA calibrators. In
§4 we conclude with a short discussion of the significance of
our results. The implications of these results for measure-
ments of the incidence and cosmic mass density of neutral
gas will be discussed in a future paper by Rao et al.
2 SAMPLE, OBSERVATIONS, AND DATA
PROCESSING
The SDSS Mg ii systems that were chosen for HST prism
observations were selected as follows. First, based on pre-
liminary results on the sensitivity of the ACS-HRC-PR200L
prism, we decided that it was possible to use it to identify
and measure DLAs with z = [0.37, 0.70] in the spectra of suf-
ficiently bright quasars. Second, we used an early version of
3 Strong-Mg ii absorption lines usually means ones with observed
Mg iiλ2796 rest equivalent widths ≥ 0.3 A˚, however, the systems
we study here generally have rest equivalent widths > 1 A˚.
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the Pittsburgh SDSS Quasar Mg ii Absorption-line Survey
Catalog (see Quider et al. 2011) to identify all Mg ii systems
in this redshift interval that met the following quasar bright-
ness and metal-line absorption criteria: (1) quasar SDSS g-
band mag brighter than ∼ 20 and (2) Mg ii rest equivalent
width W λ27960
>
∼ 1.0 A˚, which generally (not always) is con-
sistent with having Fe ii rest equivalent width W λ26000
>
∼ 0.3
A˚ (but in cases with zabs <∼ 0.47 information on W
λ2600
0 is
unavailable or unreliable in SDSS spectra). Some of the iden-
tified quasars also had weaker Mg ii systems in their spectra,
and these appear in Table 1. Additionally, we removed ab-
sorption systems from this sample if the predicted location
of the DLA would lie too close to broad Lyβ+Ovi emis-
sion in the quasar spectrum (within ±3300 km s−1), since
this could cause unnecessary confusion when measuring any
DLAs in the low-resolution prism spectra. To achieve our
desired final sample size we then decided to limit our ob-
servations to include only quasars with g-band magnitudes
brighter than ∼ 19.25. Unfortunately, it turned out that
the sensitivity of the prism was only sufficient to identify
DLAs at z = [0.42, 0.70]; in the end, five observations of
Mg ii systems with z < 0.42 were made but were unusable
for a DLA search. The findings and methods discussed in
RTN2006 can be used with the above selection criteria, and
with the results of this study, to arrive at an independent
determination of the incidence and cosmic mass density of
neutral gas at z = [0.42, 0.70]. As noted in the Introduction,
this will be quantified in the future paper by Rao et al. The
future Rao et al. paper will also incorporate results on other
UV surveys for DLAs.
Table 1 presents the sample of 109 strong-Mg ii ab-
sorbers observed at the location of Lyα with HST’s low-
resolution ACS-HRC-PR200L prism. Included for each Mg ii
absorber in Table 1 are the SDSS quasar’s J2000 name,
the total exposure time for the prism observation, the
quasar’s g-band magnitude, and the quasar’s emission red-
shift; this information is taken from the most recent en-
tries found in the SDSS DR7 and DR9 quasar catalogs
of Schneider et al. (2010) and Paˆris et al. (2012), respec-
tively. Also included in Table 1 is information on the metal-
line absorption properties for each strong-Mg ii absorber us-
ing results from the online version of the Pittsburgh SDSS
Quasar Mg ii Absorption-line Survey Catalog of Quider
et al. (2011). This includes the Mg ii absorption redshift
and metal-line absorption rest equivalent widths and er-
rors for Mg iiλ2796, Mg iiλ2803, Mg iλ2852, and Fe iiλ2600.
Finally, this same information is listed at the end of Ta-
ble 1 for each of the three quasar “DLA calibrators” with
known NHI (see Rao et al. 2003 and RTN2006), which
were also observed with the prism. We chose to observe
these three DLAs because they covered a range of a fac-
tor of ∼ 7 in H i column density, and we wanted to assess
how well their H i column densities could be re-determined
over this range. In Table 1 we adopt the naming conven-
tion used in Rao et al. (2003) and RTN2006 for these cali-
brators but note that Q1629+120 is J163145.17+115603.3,
Q2328+0022 is J232820.38+002238.2, and Q2353−0028 is
J235321.62−002840.6.
The HST observations were taken between 9 August
2005 and 23 December 2006. Each quasar observation was
allocated one HST orbit. The observing procedure was as
follows. First we obtained two 150 sec direct images with
Figure 2. The two dithered HST ACS-HRC-PR200L prism im-
ages for Q2353-0028 (top and bottom), which was one of our DLA
calibration systems. The wavelength scale increases to the right.
The quasar has a DLA marked by the white arrow at z = 0.604
with NHI = 3.5× 10
21 atoms cm−1 (RTN2006).
ACS-HRC-F606W, with a small line dither (pointing ma-
neuver) of 0.084 arcsec at a pattern orientation of 32.1 deg
between them. The main purpose of the direct images was
to use them to establish the wavelength calibrations on the
prism images. Obtaining two direct images allowed most cos-
mic rays to be evaluated and removed in the individual im-
ages as well as in a combined drizzled image. Second, for
the remainder of the orbit, we obtained two equally exposed
prism images using the same dither pattern; individual ex-
posure times for these observations ranged between 1050 sec
and 1300 sec depending on the remaining available observa-
tion time in the orbit. The existence of two prism images
also permitted the evaluation and removal of cosmic rays in
the individual prism images and combined drizzled image.
Of course, cosmic rays and other backgrounds were gener-
ally more problematic in the longer-exposure images, and in
several instances we had to discard one of the prism images.
As an example of the kinds of images that were obtained,
the two prism images of a quasar that served as a DLA
calibrator are shown in Figure 2.
The data were processed using the aXe software devel-
oped by the ST-ECF team (Ku¨mmel et al. 2009). As noted
above, the direct images were used to wavelength-calibrate
the prism images. A one-dimensional prism spectrum was
extracted from each of the two prism images, the spectra
were flux calibrated, and then combined to form the final
spectrum with an associated error array.
An important part of evaluating the data involved
examination of the individual two-dimensional prism im-
ages and the corresponding extracted one-dimensional prism
spectra from the individual usable exposures. For example,
as illustrated by Figure 2, the presence of a DLA is quite
easy to observe in the prism images. However, the process
of determining NHI included some iteration because it is not
possible to rely heavily on a guess for NHI simply by making
careful visual inspections, especially since the prism disper-
sion changes with wavelength. Thus, it was not sufficient to
simply fit a DLA line to an extracted one-dimensional prism
spectrum. We also examined the two-dimensional prism im-
ages to visually search for noise that may have influenced
the original fit, and then adjusted the fit accordingly. In the
end, a system was designated with status code A or B in
Table 1 when its prism spectrum was judged to be of suffi-
cient quality to permit a determination of whether a DLA
line was present at the Mg ii-predicted position of Lyα ab-
sorption. After these iterations, there were 35 status code
A systems that were judged to have a significant probabil-
ity (e.g., within 1σ of NHI = 1× 10
20 atoms cm−2) of being
DLAs given our estimate ofNHI and the associated error (see
Section 3 and Table 2). The choice of using NHI = 1× 10
20
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4 D. A. Turnshek et al.
Table 1. The Observed Prism Sample
Quasar Exp. time SDSS g zem zabs Mg ii W
λ2796
0
Mg ii Wλ2803
0
Mg i Wλ2852
0
Fe ii Wλ2600
0
Statusa
(s) (mag) (A˚) (A˚) (A˚) (A˚)
J001855.22−091351.1 2178 17.45 0.756 0.5838 1.412±0.063 0.996±0.061 0.015±0.054 0.508±0.091 A
J013209.75−082349.9 2178 19.25 1.121 0.6467 1.390±0.098 1.409±0.110 0.636±0.124 1.013±0.099 A
J020046.46+132018.9 2186 18.86 0.883 0.6933 1.547±0.073 1.440±0.079 0.274±0.074 1.184±0.094 B
J021044.03−082513.3 2178 18.27 1.094 0.5458 1.131±0.060 0.954±0.067 0.074±0.061 0.584±0.049 B
J021820.11−083259.4 2178 18.15 1.217 0.5899 3.217±0.089 2.728±0.088 1.337±0.101 2.119±0.097 A
J031154.53−070741.9 2178 18.73 0.633 0.4608 1.366±0.076 1.052±0.082 0.081±0.066 · · · B
J032253.46−071310.7 2178 18.54 0.573 0.4320 1.972±0.094 2.075±0.116 0.477±0.105 · · · C
J073810.91+401408.8 2286 18.43 1.083 0.5799 2.247±0.061 1.985±0.064 0.484±0.064 1.347±0.077 B
J074043.44+344407.7 2218 18.68 0.846 0.4783 1.671±0.072 1.986±0.077 0.918±0.069 1.744±0.114 A
J074054.05+332006.5 2218 17.43 0.887 0.4917 1.252±0.023 1.124±0.023 0.588±0.024 0.941±0.028 A
J074816.97+422509.3 2286 17.15 1.107 0.5579 1.520±0.024 1.351±0.024 0.509±0.031 1.093±0.024 A
J075011.79+222627.6 2194 18.45 0.615 0.5816 1.039±0.079 1.026±0.086 0.079±0.059 0.614±0.092 B
J080208.93+360417.7 2246 18.16 1.201 0.6789 1.145±0.055 0.849±0.055 0.040±0.050 0.394±0.047 B
J080231.91+381538.5 2246 18.51 0.640 0.5670 1.065±0.096 0.758±0.081 0.185±0.095 0.435±0.100 B
J080601.80+275108.2 2202 18.80 0.779 0.6922 2.101±0.091 1.954±0.096 0.407±0.079 1.012±0.075 A
J081318.84+501239.8 2388 18.65 0.571 0.3829 1.519±0.141 1.216±0.148 -0.015±0.106 · · · C
J081706.57+261132.1 2202 18.69 0.774 0.5234 2.194±0.097 1.707±0.102 0.441±0.127 1.111±0.119 C
J081748.20+493821.4 2334 18.48 1.027 0.6855 0.987±0.060 0.990±0.065 0.332±0.061 0.622±0.087 A
J081758.11+302933.8 2218 18.53 1.483 0.6943 1.429±0.064 0.937±0.055 0.255±0.072 0.763±0.090 B
J082103.50+400903.3 1143 18.55 1.229 0.5994 1.167±0.072 0.867±0.066 0.494±0.070 0.611±0.079 B
J083900.67+370901.4 2246 18.47 0.754 0.4697 1.168±0.077 0.819±0.068 0.133±0.077 · · · A
J084200.76+333214.8 2218 18.32 0.972 0.4750 1.703±0.119 1.433±0.100 1.157±0.131 0.643±0.134 A
J090724.38+493524.0 2334 18.67 0.938 0.3953 1.553±0.152 1.065±0.179 0.169±0.121 · · · C
J090757.59+421823.6 2286 18.30 0.809 0.4540 1.453±0.129 0.873±0.108 0.119±0.085 · · · A
J090757.59+421823.6 · · · · · · · · · 0.5106 1.511±0.089 1.376±0.086 0.639±0.085 1.214±0.102 A
J091158.24+031628.2 2172 18.86 1.177 0.5864 1.248±0.108 1.306±0.131 0.267±0.430 0.883±0.118 B
J091750.67+011534.5 2172 18.97 1.011 0.5281 1.074±0.142 1.140±0.140 0.350±0.168 0.482±0.142 B
J091759.25+031627.4 2172 18.16 1.056 0.6960 2.099±0.066 1.454±0.068 0.506±0.107 0.999±0.074 B
J092026.81+063948.1 2178 18.20 0.821 0.4442 1.898±0.116 1.809±0.133 0.583±0.095 · · · B
J092845.17+383113.4 2246 17.80 0.718 0.6030 1.195±0.064 0.892±0.084 0.324±0.112 0.453±0.075 B
J094735.09+583046.3 2452 17.80 0.935 0.5346 1.673±0.057 1.463±0.050 0.448±0.064 1.185±0.064 B
J095648.58+383339.0 2246 18.76 1.195 0.6196 3.173±0.128 2.422±0.178 0.649±0.094 2.456±0.090 A
J095740.06+080732.2 2178 18.76 0.870 0.6975 1.120±0.072 1.169±0.068 0.377±0.075 0.813±0.085 A
J095844.07+054941.0 2178 17.85 0.730 0.6557 2.011±0.052 1.976±0.053 0.470±0.055 1.255±0.048 A
J095848.10+621839.0 2466 18.65 1.237 0.5357 1.141±0.068 1.086±0.073 0.364±0.123 1.050±0.105 A
J100154.03+582306.0 2452 18.70 0.837 0.6941 1.590±0.072 1.289±0.070 0.326±0.081 0.959±0.090 B
J101211.11+073949.9 2178 18.28∗ 1.030 0.6164 1.654±0.103 1.556±0.099 0.465±0.114 1.281±0.107 A
J101911.86+010522.9 2172 18.63 1.137 0.6676 1.118±0.067 0.821±0.071 0.001±0.068 0.448±0.058 B
J103219.71+522342.9 2388 18.77 1.198 0.6115 1.211±0.106 0.895±0.098 0.365±0.101 0.512±0.092 B
J103733.58+622640.3 2466 18.52 0.907 0.5096 1.033±0.092 1.040±0.099 0.136±0.084 0.699±0.142 B
J104146.77+523328.2 2388 16.63 0.678 0.4494 1.582±0.038 1.276±0.040 0.154±0.034 · · · B
J104754.60+661157.5 2550 18.40 0.471 0.4399 2.059±0.106 1.230±0.078 0.325±0.051 · · · C
J105823.13+600805.6 2466 18.44 1.071 0.6436 1.923±0.125 1.552±0.138 0.363±0.129 1.320±0.142 A
J111013.80+523607.1 2388 17.77 1.004 0.5561 1.331±0.049 1.266±0.061 0.215±0.048 1.295±0.061 A
J111456.73+675423.1 2550 18.70 0.941 0.6986 1.948±0.066 1.786±0.063 0.495±0.059 1.529±0.077 B
J112016.64+093323.5 2178 17.85 1.099 0.4938 2.142±0.095 1.616±0.090 0.275±0.130 0.960±0.105 B
J112319.78+620028.7 2466 18.38 0.662 0.5873 1.037±0.089 0.907±0.084 0.315±0.116 0.270±0.080 B
J112357.74+662255.6 2550 18.59 0.834 0.4763 1.025±0.072 1.121±0.078 0.302±0.064 0.881±0.096 B
J113245.50+431637.9 2314 17.34 1.027 0.5407 1.295±0.042 0.997±0.048 0.126±0.050 0.593±0.054 B
J113823.71+013924.8 2172 18.71 1.042 0.6130 2.622±0.098 2.315±0.104 0.972±0.108 1.670±0.095 A
J114059.28+552332.8 2452 18.01 0.643 0.5312 1.057±0.074 0.885±0.077 0.091±0.069 0.595±0.104 B
J120200.65+544241.7 2388 18.63 0.835 0.4336 1.032±0.108 1.060±0.125 0.092±0.108 · · · C
J120449.73+095335.2 2178 17.97 1.276 0.6401 2.469±0.122 2.557±0.135 0.370±0.106 1.870±0.127 A
J120611.23+581308.0 2172 17.05 1.192 0.6750 1.586±0.026 1.201±0.029 0.250±0.033 0.622±0.030 B
J120743.71+592648.2 2452 18.42 0.989 0.5765 2.274±0.085 2.022±0.084 0.322±0.090 1.273±0.087 A
J121753.03+050030.8 2178 18.52 0.632 0.5413 1.284±0.071 1.689±0.088 0.487±0.076 1.388±0.104 A
c© 2013 RAS, MNRAS 000, 1–10
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Table 1. Continued
Quasar Exp. time SDSS g zem zabs Mg ii W
λ2796
0
Mg ii Wλ2803
0
Mg i Wλ2852
0
Fe ii Wλ2600
0
Statusa
(s) (mag) (A˚) (A˚) (A˚) (A˚)
J122322.62+553632.2 2452 18.72 1.045 0.6773 1.465±0.078 0.979±0.069 0.430±0.071 1.075±0.110 B
J122716.54+091409.2 2178 18.53 0.722 0.6979 1.213±0.087 1.061±0.085 0.029±0.072 0.317±0.097 B
J123945.39+531804.9 2388 18.14 1.180 0.6942 1.692±0.061 1.717±0.059 0.521±0.075 1.420±0.060 B
J124312.52+480838.4 2186 17.55 0.703 0.6053 0.268±0.048 0.104±0.046 0.039±0.045 0.121±0.045 A
J124312.52+480838.4 · · · · · · · · · 0.6313 2.766±0.053 2.113±0.054 0.378±0.053 1.169±0.060 B
J124512.46+570457.3 2452 17.85 0.951 0.5187 2.037±0.090 1.624±0.082 0.460±0.093 1.363±0.106 B
J130544.31+530136.2 2388 16.88 0.864 0.5632 2.365±0.035 2.131±0.043 0.509±0.047 1.555±0.043 B
J130544.31+530136.2 · · · · · · · · · 0.6148 0.450±0.037 0.324±0.035 0.060±0.037 0.360±0.042 A
J131046.16+613521.8 2466 18.73 1.065 0.4569 1.093±0.110 0.921±0.120 0.216±0.084 · · · B
J131204.26+494632.4 2334 17.61 1.135 0.6606 2.838±0.048 2.343±0.048 0.453±0.051 1.673±0.054 B
J131405.08+041821.8 2172 18.14 0.943 0.6757 1.117±0.077 0.918±0.078 0.491±0.101 0.848±0.096 A
J132746.16+484202.9 2334 18.20 1.029 0.5143 1.453±0.095 1.194±0.091 0.181±0.107 0.800±0.095 B
J133719.31+594905.4 2452 17.80 0.658 0.5495 2.286±0.056 2.063±0.055 0.490±0.054 1.632±0.060 A
J133819.96−025250.8 2172 18.73 0.578 0.5461 1.437±0.121 1.095±0.132 0.531±0.104 0.374±0.227 B
J133924.99+622639.2 2466 18.85 1.149 0.6830 1.031±0.112 0.710±0.139 0.018±0.114 0.496±0.123 B
J134050.87+642544.9 2466 18.42 1.139 0.5463 1.795±0.110 1.485±0.108 0.491±0.107 1.017±0.076 D
J134541.67−020927.0 2172 19.21 1.247 0.6287 1.560±0.117 1.501±0.117 0.304±0.184 0.980±0.120 B
J135741.65+052548.6 2178 18.78 0.740 0.6327 1.831±0.132 1.553±0.138 0.392±0.121 1.187±0.106 A
J135805.08+393518.3 2172 17.85 0.879 0.6807 1.904±0.040 0.663±0.049 0.622±0.053 1.077±0.046 A
J135805.08+393518.3 · · · · · · · · · 0.6827 0.581±0.047 0.329±0.051 0.156±0.040 0.067±0.042 B
J135939.34+572354.8 2452 18.19 1.134 0.4025 2.768±0.123 2.712±0.137 0.742±0.092 · · · C
J140528.76+630325.6 2466 18.74 1.199 0.6837 1.670±0.092 1.473±0.098 0.278±0.095 1.391±0.097 B
J140918.82+645521.5 2466 18.89 1.030 0.4312 1.545±0.139 1.142±0.152 0.058±0.114 · · · C
J141515.47+011253.2 2172 18.92 1.038 0.5946 1.749±0.108 1.896±0.121 0.649±0.138 1.328±0.112 B
J141607.28+552841.9 2452 18.41 0.772 0.5951 1.596±0.077 1.455±0.076 0.434±0.082 1.000±0.100 B
J142021.45+594024.0 2452 18.90 1.251 0.6588 1.848±0.089 1.908±0.083 0.333±0.078 1.796±0.067 A
J142119.42+611539.0 2466 18.12 0.656 0.6302 1.697±0.074 1.509±0.069 0.546±0.072 1.048±0.092 B
J142609.74+594629.6 2452 17.85 0.743 0.5405 1.045±0.081 0.353±0.069 0.111±0.060 0.139±0.069 B
J142816.70+585432.5 2452 17.85 0.780 0.3769 1.067±0.134 1.189±0.122 0.181±0.091 · · · C
J143719.19+380437.7 2274 17.60 1.040 0.5792 1.430±0.059 1.219±0.062 0.121±0.076 0.480±0.106 B
J144314.18−024722.1 2172 17.35 0.677 0.6504 2.860±0.031 2.593±0.035 0.728±0.036 2.036±0.037 B
J145712.86+431849.9 2286 18.02 1.074 0.6314 1.253±0.079 0.904±0.077 0.352±0.093 0.454±0.073 B
J150431.30+474151.2 2334 18.62 0.824 0.5942 1.082±0.100 0.788±0.092 0.133±0.089 0.139±0.092 B
J151106.40+590111.0 2452 18.95 0.648 0.4642 1.755±0.122 1.323±0.146 0.222±0.106 · · · B
J151413.59+553500.6 2452 18.58 1.325 0.6645 1.198±0.092 0.977±0.087 0.205±0.125 0.622±0.075 B
J151505.12+041012.1 2172 18.52 1.272 0.5592 1.152±0.098 0.576±0.071 0.067±0.075 0.387±0.078 A
J151528.47+454123.3 2334 18.75 0.800 0.3853 2.403±0.227 1.746±0.187 0.544±0.159 · · · C
J152816.61+322258.0 2246 17.74 0.523 0.4923 1.255±0.064 0.688±0.062 0.031±0.046 1.218±0.105 B
J153106.34+455750.6 2334 17.53 0.996 0.6757 1.252±0.063 0.833±0.052 0.052±0.051 0.680±0.069 B
J153502.29+371324.6 2246 18.84 1.016 0.5834 1.390±0.164 1.164±0.142 0.308±0.116 0.197±0.117 B
J154744.55+483603.4 2334 18.93 1.013 0.5212 1.092±0.129 1.201±0.132 0.218±0.107 0.478±0.143 A
J155024.32+545338.0 2388 18.66 0.950 0.6664 1.100±0.098 0.608±0.096 0.136±0.094 0.238±0.117 C
J155811.13+394549.9 2246 18.10 1.148 0.6582 1.055±0.074 0.819±0.061 0.243±0.066 0.586±0.058 B
J161428.07+493004.4 2334 17.54 0.645 0.4256 1.972±0.057 1.916±0.057 0.510±0.061 · · · A
J162806.69+434029.8 2286 17.74 1.021 0.6085 1.042±0.056 0.965±0.059 0.204±0.058 0.486±0.063 A
J163842.86+204841.1 2222 17.35 1.054 0.6684 1.932±0.033 1.745±0.034 0.365±0.046 1.493±0.037 A
J164346.90+434645.0 2286 17.74 0.939 0.5679 1.123±0.065 1.205±0.063 0.112±0.057 0.853±0.072 B
J164544.69+375526.1 2246 18.22 0.602 0.5829 1.568±0.074 1.329±0.064 0.371±0.081 1.066±0.085 B
J205601.68−001613.2 2172 18.05 0.521 0.4689 1.567±0.086 1.274±0.088 0.324±0.062 · · · B
J211227.29+092012.2 2178 18.56 0.547 0.5190 1.134±0.091 1.208±0.088 0.403±0.062 0.973±0.136 B
J211905.64+113924.4 2186 17.65 0.667 0.5429 1.665±0.072 0.953±0.065 0.300±0.058 0.370±0.063 B
J220537.23+131629.1 2186 18.86 0.556 0.5203 1.492±0.134 1.702±0.136 0.353±0.106 0.877±0.164 B
J233544.18+150118.3 2192 18.16 0.791 0.6801 1.215±0.060 1.262±0.056 0.556±0.072 1.065±0.059 B
1629+120CAL 2186 18.63 1.787 0.5313 1.400±0.070 1.350±0.070 0.310±0.080 0.710±0.100 E
2328+0022CAL 2172 17.83 1.306 0.6519 1.896±0.077 1.484±0.073 0.550±0.079 1.258±0.065 E
2353−0028CAL 2172 18.16 0.764 0.6044 1.601±0.082 1.292±0.083 0.606±0.080 1.024±0.104 E
aStatus Codes: A (high-probability DLA; see Table 2 and Figure 3), B (weak or absent absorption at the Mg ii-predicted position of Lyα
absorption; could possibly be a subDLA), C (spectrum cannot be used to determine whether a DLA is present), D (no flux visible near
the Mg ii-predicted position of Lyα absorption or at shorter wavelengths but an extremely rare, very high-NHI DLA cannot be ruled
out; see Table 2 and Figure 3), and E (DLA calibrator; see Table 2 and Figure 3).
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atoms cm−2 is meant to be a conservative choice (e.g., sim-
ilar to that of Wolfe et al. 1986 when analyzing the “Lick
spectra”) in the sense that this list should not miss any clas-
sical DLAs with NHI ≥ 2× 10
20 atoms cm−2. Thus, our list
will be complete for DLAs but not subDLAs. Note that the
lowest NHI reported in Table 2 is 8× 10
19 atoms cm−2, but
it is ∼ 2.5σ from having the classical DLA value.
The 62 status code B systems were those judged to
show no absorption or at best weak absorption at the Mg ii-
predicted position of Lyα, but with insufficient strength to
be a classical DLA; thus the status code B systems may or
may not be subDLAs, but they can be categorized as non-
DLAs in any statistical study.
The 11 status code C systems in Table 1 were those
with unusable spectra; in one case (J155024.32+545338.0)
the system lies within 3300 km s−1 of Lyβ+Ovi emission
and cannot be resolved, in five cases the post-observation
results indicated that the redshifts were in fact too low
(z < 0.42) to be usefully observed with the prism (i.e., the
prism’s sensitivity was too low at shorter wavelengths), and
in the remaining cases the spectra had insufficient quality
(low signal) at the Mg ii-predicted position of Lyα absorp-
tion to make any determination.
One object in Table 1 (J134050.87+642544.9) was des-
ignated as status code D because it has no visible flux within
60 A˚ (observed frame) of the Mg ii-predicted postion of Lyα
absorption or at shorter wavelengths, and therefore it could
be an extremely rare, very high-NHI DLA. We checked the
SDSS spectrum of this object to search for a Mg ii absorp-
tion system that might give rise to Lyman limit absorption
and explain the lack of UV flux, but found none.
At the end of Table 1 we present information on the
three observed DLA calibrators and designate them as sta-
tus code E.
After estimating the continuum levels across the pre-
dicted locations of Lyα absorption using a simple straight-
line fit, the spectra were then continuum-normalized at these
locations.4 This normalization was done for the 35 status
code A systems in 34 quasar spectra, the one status code D
system and the three status code E DLA calibrator systems,
and the results are shown in Figure 3. (This was also done
for the 62 status code B systems, but the results are not
shown.) Of course, using this procedure means that other
portions of the spectra not near the predicted locations of
Lyα absorption were not normalized near their local contin-
uum levels. For example, strong broad emission lines were
generally not fitted with a pseudo-continuum, so they gen-
erally appear above the unit continuum levels and blends of
strong Lyα forest absorption (but non-DLAs) will appear
as unresolved complexes of absorption depressing the unit
continuum levels; the overall spectrum shapes may also not
be flat. As described in the the next section, the Lyα ab-
sorption lines were then fitted with Voigt damping profiles
in order to estimate the NHI values and associated errors.
4 The fitted-continuum levels occasionally had mild slopes and,
of course, fitting a continuum was not reliable for status code C
systems.
3 NEUTRAL HYDROGEN COLUMN
DENSITY RESULTS
The 38 continuum-normalized prism spectra, fλ, and associ-
ated error arrays, σfλ (derived using the aXe software), are
shown in Figure 3. They were used to measure Lyα in 39
strong-Mg ii systems. Two of the systems are present in the
prism spectrum of J090757.59+421823.6. The first 36 sys-
tems in Figure 3 (in right ascension order) are those from
our new sample which were found to have a significant (35
with status code A) or interesting (one with status code D)
probability of being DLAs. The last three spectra in Figure
3 are of the DLA calibrator quasars (status code E).
Establishing the continuua levels in low-resolution DLA
survey spectra has, unfortunately, always been somewhat of
an art. With a low-resolution spectrum there is the problem
of unresolved absorption blends of Lyα forest lines. An addi-
tional complication is the non-linear dispersion (resolution)
in a slitless prism spectrum, which results in an asymmet-
ric DLA profile (see Figure 1). Fortunately, the H i column
density is uniquely determined by the absorption rest equiv-
alent width and, for a given continuum, a Voigt profile fit
convolved with the instrument dispersion solution gives a
unique value for the column density. Thus, setting the con-
tinuum level properly is important, and we have carefully
considered the various relevant issues.
Continuum placement was a matter of identifying
emission-line free regions on both sides (or sometimes only
one side) of the predicted location of any DLA line, and
then judging where the continuum was at the relevant wave-
length. Given the varying properties of the background
quasar spectra, the procedure necessarily changed from ab-
sorption system to absorption system. Note that, in some
cases, the regions used to set the continuum level may not be
included in the plots. As an extra precaution, the first three
authors of this paper thoroughly examined the possibly am-
biguous cases by looking at prism images and extracted
spectra (before addition) to evaluate whether a continuum
placement was reasonable. As an example, it’s worth noting
that the apparent excess emission to the red of the DLA in
J083900.67+370901.4 is in fact real broad emission due to
Lyβ+Ovi in the quasar, and not an artifact of continuum
placement. Another example is in J084200.76+333214.8; its
spectrum becomes noisy on the short wavelength end of the
spectrum, and that part was not used to set the continuum.
To determine NHI values, theoretical Lyα Voigt profiles
were shifted to the Mg ii absorption redshifts and convolved
to the prism resolution using the aXe task “simdata.” The
resulting simulated spectra were then adjusted to match the
continuua slopes of the extracted prism spectra and overlaid
to determine (by eye) the best-fitting NHI values. The Voigt
profiles that were judged to produce the best fits to the
observed damped profiles are shown in Figure 3 as solid red
lines (online version) relative to the unit continuum levels
shown as black dashed lines near the DLAs.
We were able to check the validity of the aXe derivations
of σfλ for the vast majority of the spectra in Figure 3.
5
We did this by comparing the two individual fλ spectra to
5 In six of the 38 cases we discarded one of the two extracted
prism spectra because it appeared to be of much poorer quality
than the other.
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Figure 3. The HST UV prism spectra of the Lyα regions in 35 strong-Mg ii systems which have a significant probability of being DLAs
(0907+4218 has two systems), plus one additional strong-Mg ii system that may be an extremely high column density DLA (1340+6425).
The last three spectra are DLA calibrators. Shown are the relative fluxes of the prism spectra normalized near Lyα, the errors in
normalized fluxes (in blue, see online version) derived using the aXe software reduction package or the empirical error (whichever is
worse), and the fits to the DLAs (red, online version) for the NHI values reported in Table 2. The shown errors in normalized fluxes
were used to derive the NHI errors reported in Table 2. The J2000 coordinate names and fitted log(NHI) values are labeled on the prism
spectrum panels. All the strong-Mg ii systems have zabs = [0.42, 0.70] as reported in Tables 2 and 3.
derive an empirical error array, σempfλ . In most cases σfλ and
σ
emp
fλ
were found to be consistent, but in some cases they
were not. As discussed below, when there was a significant
discrepancy, this led us to use a larger continuum placement
error to estimate the error in NHI.
To determine the error in NHI a spectrum was re-
normalized by dividing by 1±σfλ or 1±σ
emp
fλ
(whichever
was larger), and the damped profiles were re-fit with Voigt
profiles to determine the likely range in NHI. Generally the
±σNHI errors were not symmetric, so the adopted value for
c© 2013 RAS, MNRAS 000, 1–10
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Figure 3. Continued from the previous page: the HST UV prism spectra of the Lyα regions in 35 strong-Mg ii systems which have a
significant probability of being DLAs (0907+4218 has two systems), plus one additional strong-Mg ii system that may be an extremely
high column density DLA (1340+6425). The last three spectra are DLA calibrators. Shown are the relative fluxes of the prism spectra
normalized near Lyα, the errors in normalized fluxes (in blue, see online version) derived using the aXe software reduction package or
the empirical error (whichever is worse), and the fits to the DLAs (red, online version) for the NHI values reported in Table 2. The shown
errors in normalized fluxes were used to derive the NHI errors reported in Table 2. The J2000 coordinate names and fitted log(NHI)
values are labeled on the prism spectrum panels. All the strong-Mg ii systems have zabs = [0.42, 0.70] as reported in Tables 2 and 3.
σNHI was taken to be the one with the largest absolute value.
Finally, in some cases tests indicated that resulting errors
in NHI for lower NHI systems were unrealistically low, and
we concluded that we should never report the error in NHI
to be <20 per cent for a system with NHI < 10
21 atoms
cm−2. Therefore, in those cases we report a 20 per cent er-
ror. Our derivations of NHI using the prism spectra of the
three DLA calibrators (see the last three entries in Table
2 and their footnotes) confirm that the algorithm we used
to report the σNHI values is reasonable and consistent with
c© 2013 RAS, MNRAS 000, 1–10
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Table 2. Column density measurements
Quasar Mg ii zabs NHI Notes
atoms cm−2
J001855.22−091351.1 0.5838 (1.3± 0.3)× 1020
J013209.75−082349.9 0.6467 (4.0± 1.1)× 1020
J021820.11−083259.4 0.5899 (7.0± 2.0)× 1020
J074043.44+344407.7 0.4783 (2.0± 1.1)× 1020
J074054.05+332006.5 0.4917 (4.7± 1.2)× 1020
J074816.97+422509.3 0.5579 (1.0± 0.4)× 1020
J080601.80+275108.2 0.6922 (1.5± 0.2)× 1021
J081748.20+493821.4 0.6855 (7.5± 1.2)× 1020
J083900.67+370901.4 0.4697 (1.3± 0.6)× 1020
J084200.76+333214.8 0.4750 (2.8± 0.8)× 1021
J090757.59+421823.6 0.4540 (8.0± 4.5)× 1019
J090757.59+421823.6 0.5106 (2.0± 0.5)× 1021
J095648.58+383339.0 0.6196 (1.0± 0.1)× 1021
J095740.06+080732.2 0.6975 (2.8± 0.3)× 1021
J095844.07+054941.0 0.6557 (3.5± 1.2)× 1020
J095848.10+621839.0 0.5357 (5.0± 2.0)× 1020
J101211.11+073949.9 0.6164 (1.5± 0.4)× 1020
J105823.13+600805.6 0.6436 (1.7± 0.3)× 1021 a
J111013.80+523607.1 0.5561 (4.5± 0.5)× 1020 b
J113823.71+013924.8 0.6130 (1.8± 0.4)× 1021
J120449.73+095335.2 0.6401 (1.1± 0.2)× 1021
J120743.71+592648.2 0.5765 (1.9± 0.6)× 1020
J121753.03+050030.8 0.5413 (1.0± 0.4)× 1020
J124312.52+480838.4 0.6053 (1.1± 0.3)× 1020
J130544.31+530136.2 0.6148 (8.0± 2.0)× 1020
J131405.08+041821.8 0.6757 (6.8± 1.5)× 1020
J133719.31+594905.4 0.5495 (6.0± 1.0)× 1020
J134050.87+642544.9 0.5463 (& 2× 1022) c
J135741.65+052548.6 0.6327 (6.5± 0.7)× 1020
J135805.08+393518.3 0.6807 (5.0± 1.0)× 1020
J142021.45+594024.0 0.6588 (1.4± 0.2)× 1021
J151505.12+041012.1 0.5592 (1.6± 0.7)× 1020
J154744.55+483603.4 0.5212 (2.0± 0.5)× 1020
J161428.07+493004.4 0.4256 (4.0± 2.0)× 1020
J162806.69+434029.8 0.6085 (3.0± 0.8)× 1020
J163842.86+204841.1 0.6684 (6.0± 1.0)× 1020
1629+120CAL 0.5313 (5.8± 1.1)× 1020 d
2328+0022CAL 0.6519 (3.2± 0.7)× 1020 e
2353−0028CAL 0.6044 (2.3± 0.4)× 1021 f
aJ1058+6008 is a broad absorption line QSO, but no strong BAL features are expected at the location of the DLA.
bJ1110+5236 has a broad absorption feature centred near 2010 A˚, which is part of a BAL system.
cThe very high NHI constraint for J134050.87+642544.9 is based on the possibility that the prism spectrum flux disappears at short
wavelength due to a strong DLA. However, such systems are expected to be extremely rare. See the discussion in §3 of the text.
dRao et al. (2003) report NHI = (5.0± 1.0)× 10
20 atoms cm−2 based on HST-STIS spectroscopy.
eRTN2006 report NHI = (2.1± 0.3)× 10
20 atoms cm−2 based on HST-STIS spectroscopy.
fRTN2006 report NHI = (3.5± 1.2)× 10
21 atoms cm−2 based on HST-STIS spectroscopy.
known results. Note that the algorithmic NHI error we re-
port for 2353−0028CAL is smaller than the error reported
in RTN2006. Also, it should be mentioned that some of our
determined NHI percentage errors are smaller than typical
NHI errors derived from analyses of SDSS spectra (e.g., No-
terdaeme et al. 2009). This may seem surprising given the
differences in data quality and resolution in these two very
different spectral data sets. However, it is also the case that
Lyα forest absorption is both more frequent and problematic
at the higher redshifts probed by the SDSS spectra.
The final results are given in Table 2. The redshifts in
Table 2 are those measured from Mg ii absorption in the
SDSS spectra, since measuring a redshift from a damped
absorption line in a prism spectrum is not as accurate. The
NHI value for J134050.87+642544.9 (the one status code D
absorption system) is taken to be at least NHI ∼ 2 × 10
22
atoms cm−2 based on the assumption that only the long-
wavelength side of the damping profile is visible in the prism
spectrum; however, this NHI value is so large that it is un-
likely to be present in a sample of our size, so this might not
in fact be a DLA. We note that in the large high-redshift
DLA samples identified by Noterdaeme et al. (2012, 2014)
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using SDSS spectra, only one in a thousand had NHI > 10
22
atoms cm−2.
4 SIGNIFICANCE
The main results of our study are presented in Table 2,
namely the identification of 36 new, high-NHI systems that
have a significant or interesting probability of being DLAs
at z = [0.42, 0.70], which is a relatively narrow low-redshift
cosmic time interval corresponding to t ≈ [7.2, 9.0] Gyrs af-
ter the Big Bang. While some cosmic evolution might be
expected over this small interval, any evolutionary effects
and observational biases would be minimal in comparison
to the alternative of working over the entire redshift inter-
val covered by UV spectra, i.e., z < 1.65, which corresponds
to the most recent ∼ 9.6 Gyrs of the history of the Universe.
Given the availability of the sample presented here, we
suggest that observational biases and possible evolutionary
effects could be more easily treated if future observational
studies of low-redshift DLAs were concentrated within the
z = [0.42, 0.7] redshift interval.6 For comparison, the very
large sample of high-redshift DLAs identified by Noterdaeme
et al. (2012) at z = [2.0, 4.0] corresponds to a cosmic time
interval of ∼ 1.7 Gyr, which is t ≈ [1.5, 3.2] Gyrs after the
Big Bang. Noterdaeme et al. (2012) do find clear evidence
for cosmic evolution, but cosmic evolution of DLAs appears
to be more rapid at higher redshifts.
It is important to note that, given that the NHI values
were derived using low-resolution prism spectra, the present
work would clearly benefit from improved UV spectroscopy
to more accurately determine the NHI values. Such results
would, of course, be beneficial to any follow-up work.
In any case, this new list of “DLAs” at z = [0.42, 0.70]
is valuable for future follow-up studies of the neutral gas
component of the Universe (e.g., metallicities, dust, molecu-
lar fractions, star formation, kinematics, associated galaxies,
and clustering environment). The low redshifts and size of
the sample makes it unique for the purpose of identifying
associated “DLA galaxies,” which has proved to be very dif-
ficult and sporadic at high redshift. Truly comprehensive
studies of this sample would provide a framework for de-
scribing DLAs and their connections to galaxies that theory
would have to explain. We hope that observers pursue this
challenge.
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